BACKGROUND
The Southern Alberta Landscapes: Meeting the Challenges Ahead , coordinated by Alberta Environment, will look at social, economic, and environmental information for southern Alberta to take stock of our current situation and to assess the consequences of potential changes over the next two generations. Its purpose will be to identify the issues that need to be addressed to ensure a sustainable future, that is, how can we meet our social and economic needs whilst ensuring reasonable environmental quality?
The SAL study area comprises all of the Grasslands Natural Region, the South Saskatchewan River Basin and the Cypress Hills. This includes about 17% of the province and about 60% of Alberta's population.
Phase I of SAL will appraise the current state of the region, identify a vision, goals, and principles for sustainable development, make policy recommendations and identify the key issues that need to be addressed and in what order of priority. In determining the current state of the region, the Strategy Development Group is compiling air, water, land use and socio-economic data, building landscape modeling and simulation tools and gathering information about important resource sectors. The model being used to integrate the data and predict the cumulative effects of various growth scenarios is ALCES, developed by Brad Stelfox. A significant gap in data and predictive capability for ALCES, identified Mike has worked several years as a range management specialist in southwestern Alberta, primarily in the Montane, Subalpine and Foothills Natural Regions. He has monitored range reference plots established in the 1950s and has sound knowledge of changes in vegetation inside and outside of these plots over several decades. He also has a good understanding of responses of native range to disturbances from industrial development.
Lorna Allen
Alberta Natural Heritage Information Centre, Community Development, Edmonton
Loma is a vegetation ecologist who has worked several years compiling and analyzing data on vegetation types throughout Alberta. She conducts vegetation inventories in protected areas and coordinates a program to develop a tracking list of vegetation associations considered of special conservation concern, to undertake an annual review of the tracking list, and to address gaps in our knowledge of vegetation associations which may be at risk. Marilyn is a reclamation specialist who has been working since the mid-1980s on reclaiming disturbances from construction of energy projects. She has extensive experience in the Grassland, Parkland and Foothills Natural Regions planning energy developments to minimize disturbance and reclaiming large pipeline right-of-ways.
Contact information for participants in provided in Appendix B.
3.0
INFORMATION SOURCES
Prior to the workshop participants were asked to identity published information sources, in journals and reports by government and consultants, which they would rely on in making their assessments regarding invasion on non-native plants into native vegetation. A list of these references is provided in Appendix C.
Participants collectively have considerable experience and unpublished data regarding native plant communities and invasion by non-native plant species in Alberta. Key observations made by participants are recorded under three categories.
Occurrence of non-native species in native vegetation

Rates of invasion of non-native species
Restoration potential 3.1
Occurrence of Non-native Species in Native Vegetation
Results of a study on species composition of upland grassland sites in the Central Parkland Natural Subregion were provided by Loma Allen. Of 1,686 sites surveyed, 582 (34.5%) were dominantly nonnative communities. Plains rough fescue occurred at 549 (32.7%) sites and of these only 211 (12.5%) had plains rough fescue communities (Holcroffc-Weerstra, 2003) . Invasive non-native plants were found in 41.8% of the plains rough fescue communities. Invaders were predominantly awnless brome and Kentucky bluegrass and most frequently occurred in rough fescue grasslands assessed as in poor condition. The data suggests there is widespread invasion of agronomic grasses into plains rough fescue grasslands in central Alberta and conversion to grasslands dominated by non-native species has and is occurring.
Analysis of the frequency of four agronomic grasses and five noxious and nuisance weeds within several hundred range plots within the Dry Mixedgrass, Mixedgrass, Foothills Fescue and Foothills Parkland Natural Subregions as well as within riparian plots throughout southern Alberta was provided by Barry Adams (Tables 1 and 2 ). Analysis shows that grasslands of the Foothills Fescue and Foothills Parkland Natural Subregions, which are underlain by black soils, are much more susceptible to invasion compared to grasslands of the Mixed Grass and Dry Mixed Grass Natural Subregions, which are underlain by brown soils. Three invasive agronomic grasses -Kentucky bluegrass, awnless brome and timothyoverall occur at a higher frequency in inventory plots than crested wheat grass or most noxious and nuisance weeds. Canada thistle, a noxious weed, is prevalent in plots of the Foothills Fescue and Foothills Parkland Natural Subregions, and in riparian areas throughout southern Alberta.
Understories of deciduous forests and shrublands in the Grassland and Parkland Natural Regions of southern Alberta also become dominated by non-native species. This is documented in a recent report on vegetation classification in riparian areas of southern Alberta (Thompson and Hansen, 2002) . Non-native species recorded as having 50% or greater cover in vegetation plots include awnless brome, Kentucky bluegrass, red top, sheep fescue, timothy and perennial sow-thistle. Barry Adams stated that an analysis of the number of riparian vegetation plots with non-native species could be provided if needed.
An analysis of frequency of agronomic grasses and noxious and nuisance weeds in range plots within the Montane and Subalpine Natural Regions in southwest Alberta can be provided if needed. Mike Alexander highlighted some site-specific examples of non-native species invasion in the southwest. One example is that only 10% foothills rough fescue cover remains today inside an ungrazed range exclosure (65m x 40m)
following contamination by brome hay 15 years ago. One foothills rough fescue grassland range exclosure in the Castle drainage which had little non-native species cover in 1 953 was co-dominated by agronomic grasses by the mid-1970s. Relative foothills rough fescue cover increased during drought years of the mid 1980s but lost competitive advantage to Kentucky bluegrass and timothy in the wet years that followed. Understories of deciduous forests and shrublands in the Grassland and Parkland Natural Regions of southern Alberta also become dominated by non-native species. This is documented in a recent report on vegetation classification in riparian areas of southern Alberta (Thompson and Hansen, 2002) . Non-native species recorded as having 50% or greater cover in vegetation plots include awnless brome, Kentucky bluegrass, red top, sheep fescue, timothy and perennial sow-thistle. Barry Adams stated that an analysis of the number of riparian vegetation plots with non-native species could be provided if needed.
Non-Native Plant Species Invasion
In the northern parts of the Special Areas smooth brome has invaded many sites of native vegetation according to Lome Cole. As these sites age the brome tends to lose vigor, productivity and competitive advantage and there is some invasion by native shrubby species.
3.2
Rates of Invasion of Non-native Species
Non-native plant species invasion into native rough fescue grasslands of the Pekisko drainage has occurred within a corridor averaging about 50 metres wide along a road constmcted to access a gas well in 1980 (Bradley et al., 2002) . Crested wheat grass had >10% cover in vegetation along eight transects extending to a distance of 7 to 26 metres from the unreclaimed road centre. Patches were observed as far as 40 metres from the road.
Relevant studies in Glacier National Park, Montana regarding invasion by non-native species into foothills rough fescue grassland were referenced by Cheryl Bradley. In one study researchers found alien species invasion of ungrazed foothills rough fescue grasslands occurred up to 100 metres from both paved twoland roads and unimproved dirt roads, with further invasion anticipated over time (Tyser and Worley, 1992) . Phleum pretense and Poa pratensis were particularly common among 15 alien species. Alien species richness declined away from roads. In another study, Tyser concluded that once established along roadways spotted knapweed is capable of expanding into adjacent foothills rough fescue grassland (Tyser and Key, 1998 Experience and studies show that crested wheat grass is adapted to a wide range of habitats. It invades native grasslands and in so doing reduces native grass cover and plant species diversity. According to unpublished research results by Darcy Henderson crested wheat grass has persisted for 25 years on sites where it was seeded along an old pipeline right of way in northern mixedgrass prairie of central Alberta and Saskatchewan. Crested wheat grass is better adapted to persist on sloping sites with chernozem or regosol soils compared to flat or depressional sites with solonetz or gelysol soils. At ten sites sampled along the upwind edge (SW) of a WNW trending right of way, crested wheat grass has invaded an average of 1 to 4 metres into native mixedgrass prairie. Downwind the rates of encroachment may be >2 times greater. Lower rates of invasion are associated with moderate to high intensity grazing probably because the seed source is reduced.
A 1 984 report which recorded invasion of non-native species into lodgepole pine and spruce forest understories from seismic lines in the Rocky Mountain House area (Revel et al., 1984) was referenced by Arin MacFarlane. Seeded agronomics were common on seismic lines and persisted 10 to 30 years after seismic activity. Sweet clover and dandelion had spread up to 5m into the forest edge. Creeping red fescue and timothy were recorded on the edge of lines aged 5-10 years however were not found on lines older than 10 years. All other species were confined to the line.
As part of her MSc research, Arin MacFarlane is documenting rates of spread from seismic lines in aspen forest in the southern Boreal Forest. Seismic lines may be both a source (i.e. when non-native species have been seeded as part of reclamation) and a vector for spread of non-native species. Many seismic lines in her study area are re-cleared and about 40% experience vehicle use. Preliminary results indicate that after 20 years 65% of seismic lines have a non-native species in the adjacent forest. Dandelion was the most Non-Native Plant Species Invasion commonly found in the adjacent forest followed by timothy, Canada thistle and quack grass. Presently this does not result in conversion to an understory dominated by non-native species, probably because most non-native species growing on seismic lines are shade intolerant and are out-competed by native plant species, such as northern reed grass/bluejoint.
Restoration Potential
Historical observations by range managers are that restoration of disturbances to native vegetation is more likely to occur naturally in areas of brown soil, occupied by mixedgrass and dry mixedgrass vegetation types, than in areas of black soil occupied by rough fescue or riparian vegetation types.
A study in the Rumsey Block of central Alberta where an inventory of six gas well sites abandoned 5 to 1 3 years previously found fair to poor establishment of native species and invasion of non-native species used in reclamation into native fescue and mixedgrass prairie (Integrated Environments Ltd., 1991).
The site of a well drilled in 1980 in native foothills rough fescue grassland in the Pekisko drainage supports a plant community whose herbaceous canopy cover still is dominated by two non-native grass speciesawnless brome and Kentucky bluegrassand prairie rose has established as a shrub layer (Bradley et al., 2002 examples of abandoned cultivated fields that remain in an altered, low productivity condition. The stage of recovery depends on many factors including soil (sandy sites recover more quickly than clay), number of years cultivated, date of abandonment (1920's to 1940's) , degree of soil erosion prior to or just after abandonment and grazing management. The disturbance history of many of these sites is not available which limits the ability to make specific conclusions about rates of recovery.
Lome Cole provided unpublished data from surveys of fields in the Special Areas which had been cultivated and planted to non-native Russian wild rye and crested wheat grass. One field was cultivated in the early 1900's, abandoned in the 1930's, re-broken in the late 1960's, seeded to Russian wild rye in 1971 or 1972, and grazed moderately in late fall ever since. Sampled in 1999 it consisted of 14% Russian wild rye, 41% native decreaser grasses, 17% native increaser grasses and 28% increaser forbs. Fields with a similar history but subjected to regular early season grazing consisted of stunted Russian wild rye, pasture sage and bare ground. Some re-establishment of native species, including needle-and-thread, western and northern wheat grass, and plains rough fescue, has been noted in old fields seeded to crested wheat grass.
Studies and personal observations of participants suggest the potential for recovery of foothills rough fescue grasslands to a native community is quite limited once invaded by non-native species. Reference was made to a study by Willoughby (1996) who found that some rangeland reference area sites which were fenced from grazing before Kentucky bluegrass became established, recovered to grassland dominated by foothills rough fescue, Idaho fescue and Parry oatgrass in 20-30 years. In contrast sites that had significant Kentucky bluegrass invasion prior to being fenced from grazing recovered to a grassland co-dominated by foothills rough fescue and Kentucky bluegrass. Barry Adams noted that attempts to reduce the cover and competitiveness of agronomic grasses in foothills rough fescue grasslands using fire, mowing and glyphosate have met with poor results (Brown, 1977;  Willms, pers. comm.).
Recent efforts to require minimum disturbance by industry and to restore disturbed sites to native condition are promising but have met with mixed results so far according to Marilyn Neville. Attempts at restoration of mixedgrass prairie have been more successful than restoration of rough fescue prairie. Preventing Non-Native Plant Species Invasion agronomic grasses from establishing on disturbed black soils and from invading adjacent rough fescue grasslands is particularly challenging. Generally, there is a lack of commitment to monitor the outcomes of reclamation of industrial disturbances so documentation of results of reclamation efforts is not available.
Monitoring of reclamation results is underway in EnCana's gas field development south of the Cypress
Hills in Alberta and Saskatchewan. As well, National Energy Board requires Express Pipeline to provide a report of results of a five-year monitoring program of reclamation of both plains rough fescue and mixedgrass prairie disturbed by construction of the pipeline in southeastern Alberta in the mid 1990s. The report is expected to be publicly available shortly. Monitoring of reclamation results on the Kerfoot property in the Wildcat Hills, which is under conservation easement to Nature Conservancy Canada, also is recommended. Participants agreed that Invasive Agronomics are the most suitable group to be considered for modeling invasion of non-native species into native vegetation in southern Alberta. This is because these species are much more common and widespread than those in the other two groups and measures generally are not taken to control them. In addition there is sound information on the spread of Invasive Agronomics into native vegetation and on their subsequent dominance and persistence, whereas there is little information available for Invasive Noxious Weeds and Poor Site Specialists.
Non-Native Plant Species Invasion 1 4.2
Invasion Rate vs. Invasion Corridor
Based on a review of available information and their observations participants decided that invasion of invasive agronomics into native vegetation is more appropriately modeled as a rate of invasion (meters/year) from a disturbance edge rather than as a corridor of set width. A corridor approach would imply that invasion stops at a set distance from a disturbance. Although there is evidence to suggest that the invasion rate may decrease over time, invasion is expected to continue indefinitely as long as invasive agronomics have competitive advantage over native species.
4.3
Land Use Footprint Groups Participants recognize two main groups of land use footprint types defined in ALCES relative to non-native species invasion -Linear Footprints and Non-Linear Footprints. Participants decided to consider invasion of non-native species only from linear land use footprints because of the following considerations.
Most of the available information documenting invasion of non-native species into native vegetation relates to linear disturbances such as roads, pipelines and seismic lines. There is much less known about the character of non-native species invasion from non-linear disturbances such as well sites, rural residential lots, recreational facilities, mine sites or industrial facilities.
The date and extent of linear disturbances generally is recorded and transects perpendicular to the linear disturbance are easily used to monitor rates of invasion. For non-linear disturbances, often the date of origin and exact extent of the original footprint is not known. In addition, monitoring growth of non-native species patches or polygons over time is more challenging to researchers than measuring spread along transects.
Linear land use footprints serve as sources and vectors for non-native species invasion across large areas of the landscape, including large blocks of native vegetation. The areal extent of non-native species invasion from non-linear land use footprints probably is small compared to that of linear disturbances.
4.4
Reclamation Considerations
Participants recognize three periods in reclamation practices with respect to invasive agronomic species which need to be considered when modeling their invasion into native vegetation from land use footprints which are being reclaimed.
Pre-1975: Invasive agronomics, and in particular crested wheatgrass, were generally not seeded during reclamation hence disturbed sites were available for recolonization by native plant species. It is assumed that, with some exceptions, there was not significant invasion by invasive agronomics, from land use footprints which were constructed and abandoned during this period.
1975-1995: Native vegetation and top soil were removed and agronomic species such as crested wheat grass, awnless brome, timothy, Kentucky blue grass and clover were seeded during reclamation. Invasive agronomics had a competitive advantage over native plants and invaded native vegetation. It is assumed that rates of invasion by invasive agronomics into adjacent native vegetation will be highest for land use footprints created during this period. 1995 -present: Minimum disturbance techniques are used and reclamation practices in southern Alberta generally, but not always, include use of native seed mixes instead of invasive agronomics. Compared to the pre-1970 period, there are more sources of non-native species propagules, including those of Non-Native Plant Species Invasion invasive agronomics, which are brought in by wind, animals, humans and vehicles. It is assumed that there will be invasion of invasive agronomics from land use footprints during this period but overall at lower rates than for the 1970-1995 period.
ESTIMATED INVASION RATES
Based on the review of background information and their own observations, participants estimated rates of invasion for a group of widespread agronomic species known to invade native vegetation (Table 3 ). Rates were defined for each native landscape cover type in ALCES and for each linear footprint type. For linear disturbances which are routinely reclaimed (i.e. pipelines and seismic lines), two periods of restoration with differing rates of invasion were considered. Assumptions articulated by participants in making the estimations follow.
5.1
Assumptions
We have reached our conclusions based on the background information and expert knowledge available to us as this time. There are however significant gaps in our understanding of the 'shadow effects' from land use footprints. We assume that the conclusions we reach today will be a useful starting point for understanding the effects of non-native species invasion on native vegetation, but that others will refine the approach as more information becomes available.
A conservative approach enhances the credibility of the model, hence our estimates of rates of invasion err on the low side.
Our estimated rates of invasion refer to rates of conversion of native vegetation types to non-native types which we define as vegetation types in which non-native plant species dominate canopy cover. Spread of non-native plant species into native vegetation through establishment of isolated individuals or patches will occur at higher rates.
In some areas of southern Alberta substantial invasion of non-native species into native vegetation occurred throughout the early 1900s, some of this attributable to livestock use and some to broadcasting of seed into native range by humans. These land use activities do not correlate with a land use footprint defined in ALCES.
We assume that this 'background' invasion will be captured in range health assessment information being provided to ALCES.
Rates of invasion apply to permanent linear footprints (roads, canals) from the time they were created.
However, we have assumed that vegetated linear footprints (i.e. seismic lines and pipelines) created prior to 1975 reverted to native condition. Prior to 1975, invasive agronomics were not used in reclamation and they were not as widespread hence less likely to invade disturbed sites. This is a conservative assumption as revegetation to native has likely not occurred in all pre-1975 situations Our estimated rates of invasion increase with fertility of parent material and water enrichment. Hence, for example, rates estimated for fescue grassland, which occurs in areas of greater annual precipitation, are higher than rates estimated for mixed grassland. Estimated rates within riparian cottonwood complexes are the highest given that these sites are especially well watered and fertile. Within each of the native vegetation cover types identified in ALCES, there also will be a variation in fertility of parent material and water enrichment. For example awnless brome can be expected to invade swales and not hilltops in mixed grasslands. We have attempted to estimate an average rate of invasion given the variation within each of these cover types.
ALCES models two generations or approximately 50 years hence that is the time frame we are considering with respect to invasion and restoration. Since there is not information to the contrary, we are assuming that Non-Native Plant Species Invasion 9 invasion from various land use footprints will continue throughout the time frame modeled by ALCES and that once a vegetation type is dominated by non-native species, restoration to native condition will not occur. It has been suggested that Overlapping disturbances will affect rates of invasion by non-native species. For example, severe livestock grazing increases rate of invasion for some species, such as awnless brome, Kentucky bluegrass and timothy, but reduces rate of invasion for crested wheat grass. We assume all land use footprints supporting vegetation will be moderately grazed by livestock and wildlife following disturbance and that moderate grazing will have a neutral effect on rates of invasion. We also assume that most seismic lines and transmission lines in forested areas and all bladed trails throughout the study area will be used by vehicles following their initial construction. This vehicle use will provide a vector for further introduction and dispersal of non-native plants species. Roads and canals are assumed to be permanent disturbances which are a continuing source area for non-native species invasion and with no reasonable prospect for restoration to native vegetation. . zone were more seriously invaded by perennial weeds and experienced poorer seed production than native plantings in the mixed and tail-grass prairie region. These problems generally become more severe as one moves west in the parklands. Recommends conserving fescue prairie rather than attempting to restore it.
D' Antonio C.M. and P.M. Vitousek. 1992 The project involved mapping native prairie remnants in the central parkland, than field checking those with significant grassland components that had some chance of being fescue grasslands, so only upland grassland sites are part of the 1,686 total sites checked. Plains rough fescue communities were recorded in only 21 1 (12.5%) of the 1,686 recorded sites. However, plains rough fescue plants were found at an additional 338 sites, or 32.7% of all 1,686 records. Sixty-five of the plains rough fescue communities were estimated to be in good or excellent condition (invasive non-native plants were observed in 23 (35.4%)); 98 were estimated to be in fair or fair to good condition (invasive non-native plants observed in 35 (35.7%)); and, 62 were estimated to be in fair to poor or poor condition (invasive non-native plants observed in 36 (58.1%)). This adds up to 225 sites, not 211 because some records list more than one Festuca hallii community. In total, invasive non-native plants were found in 41.8% of the plains rough fescue communities.
Integrated Environments Ltd. 1991. Vegetation Inventory of Various Industrial Sites in the Rumsey Block.
Prepared for Public Lands Division, Alberta Forestry, Lands and Wildlife. Vegetation inventories of six gas well sites abandoned 5 to 13 years previously found fair to poor establishment of native species and invasion into native grasslands of non-native species used in reclamation (awnless brome, yellow sweet clover). Revegetation by native species of two pipeline right-of-ways was more promising. Rough fescue in reclamation seed mixes had not become established. Cattle concentrated on the disturbed sites suggesting cattle management should be a Alien species invasion of ungrazed rough fescue grasslands occurred up to 100 metres from both paved two-land roads and unimproved dirt roads, with further invasion anticipated over time.
Phleum pretense and Poa pratensis were particularly common among 15 alien species. Alien species richness declined away from roads. Management recommendations are to avoid roadbuilding in bunch grass communities and to intensively monitor and manage alien flora where roads already exist.
Tyser, R., C. Key. 1998. Spotted knapweed in natural area fescue grasslands: an ecological assessment.
Northwest Science, Vol. 62, No. 4, 1988: 151-160. Once established along roadways spotted knapweed is capable of expanding into adjacent fescue grassland. Invasion is by a gradual, broad, frontal expansion characterized by increased stem density on the border of the knapweed colony and seedfall within 1 metre of the parent plant. Native plant community composition is altered. Vegetation types most prone to smooth brome invasion are boreal forest, aspen parkland and fescue prairie. The grasslands of the mixed prairie are more resistant to invasion, however moister sites with better soil (riparian zones) have been invaded. Smooth brome is considered the most invasive non-native species in Saskatchewan. It invades new habitat as an advancing front spread by rhizomes and seed and suppressing the growth of native species. Protection from livestock grazing does not necessarily preclude smooth brome invasion.
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